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INTRODUCTION. 


In changing over from riveted to welded construction, it should 
not be assumed that all that is required is to maintain the same 
general type of construction with rivets replaced by welds of equal 
strength. An entirely different technique is called for in welded 
design. For example, the end connection of a beam is usually 
made with web cleats in riveted work but the cleats may be 
dispensed with altogether in welded work. Similarly with a plate 
girder, flange angles are required in riveted construction to connect 
the web plate to the flange plates, but in welded construction the 
flange angles may be omitted and the web plate welded directly 
to the flange plates. A much better understanding of the require- 
ments for welded work will be obtained by assuming that the welded 
construction is an alternative to a steel casting rather than to a 
built up riveted construction. The draughtsman is, in effect, 
building up the equivalent of a casting by introducing weld metal 
in place of the fillets in a casting. 


Rolled steel sections were of course designed to meet the 
requirements for riveted construction, and it is not surprising that 
they are often unsuitable and uneconomical for welded work. 
When this is the case, the designer must either make the best 
possible use of such sections as come nearest to his requirements, 
or alternatively build up his own sections from plates or flats 
welded together. The latter method is often the more economical 
in spite of the amount of welding involved. For instance, a 
riveted stanchion shaft may consist of a rolled joist with flange 
plates, but in welded work it may be more economical to build u 
an H section from plates and flats, varying the width and thickness 
of the flanges at different heights to suit the load. 


It will therefore be found that welding details shew considerable 
simplification and are more economical in material compared with 
riveted work, as sections can be changed more easily to suit load 
variations and joint details may consist solely of weld metal without 
added joint material. This is a most important point to bear in 
mind in assessing the relative costs of welded and riveted designs 
as although the actual operation of making a welded connection 
may be more expensive than that of drilling and riveting (though 
not always so), there is often considerable saving of material, and 
consequently of the labour employed in preparing the material 
thus saved. This does not necessarily mean that the overall cost 
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of a welded connection will be cheaper than that of a riveted 
connection, but it does mean that where material can be saved 
and details simplified a case has been established for examining 
relative costs. 


Furthermore, with certain constructions—as every draughtsman 
will have discovered in the course of his experience—it is very 
difficult to produce a riveted or bolted joint which is wholly 
satisfactory and at the same time reasonably simple, whereas the 
same joint if welded can be comparatively simple and occasion 
much less trouble. In such cases the welded construction is 
preferable, as simplicity of detail is always desirable, and is indeed 
a first principle in sound design. 


To some extent, calculations given in this pamphlet are 
approximate, erring slightly on the strong side and making suitably 
safe assumptions. This seems desirable until welding technique 
and practice are more generally understood, and especially so for 


the draughtsman who is feeling his way towards a proper grasp 
of the subject. 


It will be appreciated that in a work of this size it is not possible 
to deal with problems of fabrication in more than general terms. 
Many of these problems can, in fact, only be solved by the method 
of trial and error, and in welding work more than in most forms of 
construction experience is the best teacher. Useful information 
can however be obtained on the subject from such works as the 
“Report on the Treatment of Welded Structures’”’ issued by the 
Institution of Structural Engineers—now somewhat out of date 
but still useful as an introductory guide—and also from the monthly 
Journal of the Institute of Welding, which usually gives references 
for further reading. 


In the calculations which follow it has been assumed that the 
reader possesses a knowledge of elementary theory of structures, 
and attention has been concentrated on applying standard design 
procedure to the particular problem of welded details. Most of 
the calculations are, however, of a simple nature, and should be 
followed without much difficulty. 


DESIGN OF STRUCTURAL WELDED DETAILS. 


F. H. Aprawams, A.M.I.Struct.E., M.Inst.W. 


PART I. 


GENERAL NOTES ON WELDING, 


Fig. 1 shews typical examples of side and end fillet welds. The 
basis of weld strength is the thickness of the weld at the throat, 
and the effective area of a fillet weld for design purposes is the 
throat thickness multiplied by the effective length. The strength 


TyeicauL Sipe Fircver. Tepicau ENO FILLET. 


THROAT THICKHESS 
2 = 2107 * Size. 


PENETRATION. 


| (MOT MORE THAN 
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ENLARGED DETAIL OF 
Sipe & END Ficclets. 
Fig. 1. 
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of a weld can most conveniently be stated as so many tons per 
lineal inch run of weld; this is the usual procedure in design and 
the method generally adopted in tables of strengths of welds. As 
weld strength is based on calculated throat thickness, it will be 
obvious that if too much weld metal is deposited and the shape of 
the weld is too convex the connection is wasteful, while if too little 
metal is deposited and the shape is too concave the connection 
will be too weak. The correct profile should leave the weld 
slightly convex, as shewn in the enlarged detail, and the length 
of run which can be obtained from a standard electrode is based 
on such a profile. 

The short returns to the welds in Fig. 1 are not included in 
strength calculations, but are necessary to ensure that the full 
length of the weld run is effective. This is due to the fact that a 
small crater is usually formed at the beginning and end of a run, 
and it is unsafe to assume that such craters are effective in taking 
load. If it is not possible to include a return, the effective design 
length should be assumed to be the actual length less twice the weld 
size. Thusa }” fillet 6” long would be assumed to have an effective 
length of 53”. 

Until the publication of B.S. 449, 1948, covering the use of 
structural steel in buildings, permissible stresses in fillet welds 


TABLE I. 


Strength in tons per Lineal Inch of Fillet Welds. 
(L.C.C, Regulations, December, 1937). 


Size of Throat , End Fillets at Side Fillets at 


0-707” 4-24 3-54 


Fillet Thickness 6 tons/sq. in. 5 tons/sq. in. 

# 0-088” 0-53 0-44 
aye 0-132” 0-79 | 0-66 
Ue 0-177" 1-06 0-89 
| ih? 0-221” 1-33 1-11 
| ge | 0-265" 1-59 1-33 
| 0-854” 2-12 1-77 
¥ | 0-442” 2-65 , 2-21 

v | 0-530” 3-18 2-65 | 

rt | 0-619" 3-71 3-10 | 

| i 

| | 
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were usually taken from L.C.C. Regulations, dated December, 1937, 
which specify a permissible stress of 6 tons per square inch for end 
fillets and 5 tons per square inch for side fillets. These stresses 
are still sometimes specified, on the principle of differentiating 
between side and end fillets, and Table 1 gives the strength per 
lineal inch of the usual range of fillet welds in accordance with 
these regulations. 

B.S. 449, 1948—Clause 24a (ii)—specifies that the permissible 
stress in fillet welds, calculated on an area equal to the effective 
length of the weld multiplied by the throat thickness, shall not 
exceed the permissible shear stress of the parent metal. For mild 
steel manufactured in accordance with B.S. 15, 1948, the maximum 
allowable shear stress is 6} tons per square inch. This allowable 
stress holds good for all unstiffened webs where the ratio of thick- 
ness to depth does not exceed one-seventy-fifth (usually rolled 
joists or channels), but for stiffened webs (usually plate girders) 
this allowable stress may have to be reduced in accordance with 
Clause 20b. Generally speaking B.S. 449, 1948, appears to be 
an advance on the earlier L.C.C. Regulations, and should be followed 
in cases where the designer has free choice. In cases where the 
structure generally is to be designed to B.S. 449, these stresses 
are of course obligatory. Table 2 gives the strength of fillet 


TABLE 2. 


Strength in tons per Lineal Inch of Side & End Fillet Welds. 
(For various allowable stresses in accordance with B.S. 449; 1948). 


| 


Allowable Stress in tons per sq. in. 
Size of | Throat P \ 


Fillet [Thickness 65 | 60 55 | 50 45 | 40 35 3:0 


| | | | 


%” 0-088" 0:57 0:53 0-48 | 0-44 0-40 | 0:35 0-31 0-26 | 
ih” _ 0-132” 0:86 0-79 0:73 | 0-66 0:59 | 0-53 0-46 0-40 | 


0-177” 1:15 | 1:06 0-97 | 0-89 | 0-80 


0-221” 1-44 1-33 1-22 | 1-11 0-99 | 0:88 0:77 0-66 
0-265” 1-72 1:59 1-46 | 1:33 | 1:19 | 1:06 0-93 0-80 


87) 0-442” 2-87 | 2-65 2:43 | 2-21 | 1-99 | 1-77 1-55 | 1-33 


” | 0-530” 3-45 3-18 2:92 | 2-65 2:39 212 186 1-59 
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Values for intermediate stresses may be found by interpolation. 


| 0-71 0-62 0-53 | 
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welds per lineal inch for various allowable stresses up to a maximum 
of 6} tons per square inch, and these stresses apply equally to both 
side fillets and end fillets.* 

In the case of fillet welds subject to combined bending and 
direct load, examples of which will be found in following pages, 
B.S. 449—Clause 24a (iii)—-specifies that the maximum resultant 
stress, calculated as the vector sum, shall not exceed the above 
mentioned allowable stress. 

With regard to butt welds, the L.C.C. Regulations already 
referred to allow a permissible stress of 8 tons per square inch in 
tension and compression. B.S. 449—Clause 24a (i)—states that 
the permissible stress in butt welds shall not exceed the permissible 
tensile compressive and shear stresses in the parent metal, and 
this appears to be a much more satisfactory control. This means 
that in the case of a complete penetration butt weld the two parts 
may be assumed to be effectively joined together, and no calcula- 
tions are therefore required for the weld. In the case of incomplete 
penetration butt welds, welded from one side only, the assumed 
throat thickness for design should be in accordance with Clause 44h, 
B.S. 449, 

Fig. 2 indicates a method of increasing the length of fillet weld 
in a connection, where loads are heavy, by the introduction of a 


t 


WELD METAL IN THIS SPACE 
MUST REPL&CE SLOT AREA. 


TYPICAL EXAMPLE OF SLOT. 
ee Oe Se 2 EO. 
Fig. 2. 
*For special structures such as cranes, British Standards specify lower 


allowable stresses than those given in B.S. 449. In all such cases reference 
should be made to the appropriate Standard. 
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slot. The method is not to be recommended and should only be 
used where unavoidable, as slot welds are somewhat difficult to 
lay satisfactorily and there is also the expense of making the slot. 
Where this method is used it is important to ensure that the weld 
metal does not fill the slot, or the effect of the procedure is partly 
nullified. | This means that the slot must be of sufficient width 
to enable the weld metal to be deposited round the perimeter 
without difficulty. Care must also be taken to ensure that there 
is a sufficient length of weld metal in advance of the slot to transmit 
load equivalent to the sectional area of the slot. For example, 
if the slot reduces the sectional area of the bar by 20%, then at 
least 20°% of the weld metal must be in advance of the slot to 
transfer that percentage of the load before the bar is weakened 
by loss of metal. This principle is exactly the same as for designing 
rivets in advance. 

In all cases where slots are employed, the construction of the 
slot must be in accordance with Clause 45k of B.S. 449. 

For all end connections made with fillet welds, whether with 
or without slots, a single end fillet should never be used. either 
two end fillets should be included, or—if that is not possible— 
two side fillets with one end fillet, or two side fillets without end 
fillets. 


Deep Penetration Fillet Welds, 


All references to fillet welds up to this stage, together with 
allowable loads, are to welds with normal penetration (not exceed- 
ing ,,”) as shewn in Fig. 1. It sometimes happens that it is 
necessary to increase weld values and it is not possible or is un- 
desirable to increase the normal weld size. In such cases welds 
. may be employed with deeper penetration, as shewn in Fig. 3, in 
which case the assumed weld size for design may be taken as the 


PENETRATION 
—_—_—_—_—_—_— «ot 


PENETRATION J 
LESS THAN 2/32 


3/32 on MORE. -” 


(.) NORMAL FILLET WELD. (6) DEEP PENETRATION 
FILLET WELD. 


Deere PENETRATION WELD. 
Fig. 3. 
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nominal leg length plus the penetration beyond the root.* Welds 
of this type should never be used except where unavoidable, as 
there will always be some doubt that the increased penetration 
has been maintained for the full length of the weld, and where they 
are used, evidence must be produced to prove the depth of the 
penetration. 


Obtuse Angle Fillet Welds. 


In cases where the angle between the parts exceeds 9U° but does 
not exceed 120°, the assumed throat thickness is to be less than for 
a normal square angle fillet. For angles of more than 90° but not 
exceeding 100°, the throat thickness is assumed to be the fillet size 
multiplied by 0-65 instead of by the standard 0-707 in the case of 
a square angle. For angles over 100° but not exceeding 106° the 
multiplier is to be 0-60. For angles over 106° but not exceeding 
113° the multiplier is to be 0-55, and for angles over 113° but not 
exceeding 120° the multiplier is to be 0-50. Angles of more than 
120° between the fusion faces may not be used unless proved by 
actual tests to develop the required strength. 


Acute Angle Fillet Welds. 


Unless proved by tests to develop the required strength, the 
angle between fusion faces must not be less than 60° for flat or 
downhand welding, not less than 70° for vertical or horizontal- 
vertical welding, and not less than 80° for overhead welding. In 
each of these cases the throat thickness may be assumed to be 
0-707 times the fillet size as for a square angle. 


Minimum Sizes of Fillet Welds (B.S. 1856, 1952—Table 1). 


For single run fillet welds, or for the first run of multi-run fillets, 
where the parts are 3” or more in thickness, the minimum allowable 
size of fillet is to be =” where the thicker part is 2” up to 2?” thick, 
+” where the thicker part is more than 2” up to 12” thick, and 3%” 
where the thicker part is over 11” thick. Where the thicker part 
is more than 2” thick, or where the thinner part has a thickness 
less than the minimum weld size, special] precautions must be taken 


under proper supervision to ensure that the welds are sound. 


Tee Fillets (Fig. 4), 


L.C.C. Regulations of December, 1937, specify that where the 
welds of a tee-fillet are in tension they should be designed as side 
fillets at 5 tons per square inch, but where they are in compression 
they may be designed as end fillets at 6 tons per square inch. When 
designing to B.S. 449, the differentiation between fillets in tension 


*See B.S. 1856, 1952—Clause 18. 
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' LOAD. | LOAD. 
FILLETS Im TENSION. FILLETS InN COMPRESSION. 
(SIDE FILLETS) (END FILLETS) 


Tee Fitiets. 


Fig. 4. 


and compression may be ignored, as in either case the allowable 
stress is to be the same as the allowable shear stress in the parent 
metal. 


Diagonal Fillets (l'ig. 5). 

These are obviously neither side nor end fillets, but L.C.C. 
Regulations specify that the allowable working stress should be 
5 tons per square inch as for side fillets, and when designing to these 
Regulations this figure must be used. For designs to B.S. 449, 


AHGLE OF SLOPE. 


DIAGONAL FILLETS. 


Fig. 5. 
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the allowable working stress will be the allowable shear stress in 
the parent metal. 


Intermittent Fillet Welds (Fig. 6). 


Where continuous welds are not necessary for strength, or for 
weathering or other similar purpose, intermittent welding may be 
adopted. Apart from the saving in cost where the welds are 
intermittent instead of continuous, a further most important point 
is that with intermittent welds the distortion of the parent metal 
is less than with continuous welds, and any procedure which 
minimises this most troublesome problem of distortion is to be 
welcomed. (Further notes on distortion will be found on later 
pages). lor tension members the gap between the welds is not to 
exceed 24 times the thickness of the thinner plate, and for com- 
pression members 16 times the thickness of the thinner plate, but 
in no case is the gap to be more than 12” when welds are subject 
to stress. 


24 FOR TENSION MEMBERS 


Max. SPACING 1|2° 
16 t FoR come’ memeers ———— 


INTERMITTENT FILLET WELDS. 
Fig. 6. 


In cases where intermittent welds are not subject to calculated 
stress, but serve solely to hold the component parts of a built up 
member in proper alignment, the pitch of the effective lengths of 
welds—centre to centre—in tension members may be widened to 
3’ 6” on line, whether the welds on the two sides are opposite each 
other or staggered. For built up compression members where 
the intermittent welds are not subject to calculated stress the pitch 
of the welds is to be such that the slenderness ratio of the component 
parts is not to be more than 40 or 0:6 of the slenderness ratio of 
the member as a whole, taken about the most unfavourable axis. 

In all cases where intermittent welds under stress are used for 
loaded members the welds on both sides must extend to the end 


of the member, though this requirement need not apply to sub- 
sidiary fittings such as stiffeners. 
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Square Butt Welds (Fig. 7). 


L.C.C. Regulations specify a maximum plate thickness of 7" 
for these welds, with a gap of not less than ~”, although quite 
satisfactory square butts can be made with plates up to at least 
2” thick. The objection to a square butt for plates over 7” is the 
tendency of the weld metal as it cools and contracts to draw the 
plates together as the welding advances thus reducing the gap 
and decreasing the effective penetration. This can be obviated 
by introducing tack welds at intervals to hold the plates in correct 
position and to maintain the gap. 


Ar Least ‘he 
4 ¢ Seeeees is 


1 


rHan 26, 


SQvARE BUTT Square Butt 
SINGLE Rum. DELBLE RUM. 


SQv4 RE BUTT WELDS To 
L.G.C. REGULATIONS, 
Fig. 7. 


B.S. 449 does not specify maximum sizes, but refers to B.S. 538 
“etal Arc Welding as Applied to Steel Structures’ for these 
particulars. B.S. 538 fixes a maximum plate thickness of 3” for 
square butt welds, but states that they shall not be used in any 
case with overhead welding. For plates up to #;”" thick, B.S. 538 
states that the joint must be made by welding from both sides of 
the plate, and for plates from ¥" to }” thick a mild steel backing 
strip is to be used for horizontal welding, while with vertical welding 
the backing strip may be included or omitted as desired. With 
all square butts over 7", B.S. 538 specifies that tests shall be carried 
out. Fig. 7 gives particulars of square butt welds to L.C.C. 
Regulations. For particulars of square butts to B.S. 538 for 
various plate thicknesses and conditions reference should be made 
to the diagrams in that specification. 

Additional information on Square Butt welds is given in B.S. 
1856, 1952, Appendix A, to which reference should be made. This 
specification states that Appendix A is not mandatory, but the 
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Fig. 8. 


DESIGN OF STRUCTURAL WELDED DETAILS 17 


information given is necessarily based upon more up-to-date 
practice than B.S. 538 and except when designs are specifically 
required to be in accordance with B.S. 449 (which refers to B.S. 538 
for details of construction) it seems desirable to give preference 
to the suggestions offered in this Appendix rather than to adhere 
rigidly to B.S. 538. 

In this connection it might be noted that early issues of B.S. 
Specifications dealing with welding are all likely to be revised or 
withdrawn in due course, and whenever there appears to be any 
conflict between these Specifications and those of later issue, 
preference should be given to the latter in cases where free choice 
is possible. 


V-Butt Welds (Fig. 8). 


For plates over js" thick, single or double V-butt welds are 


most generally used for structural work. Double V-butts are 
used for plates over 3” thick for economy in champering and to 
reduce the width of the gap. They may also be used for plates 
thinner than §” if it is not essential to grind the weld to give a flush 
surface for bearing purposes. Generally however for plates from 
#;" to 8” thick single V-butts are mostly used, together with a 
sealing run on the far side to ensure that the full sectional area of 
weld is obtained. The sealing run can, if desired, be dressed flush 
with the plate to give a level bearing. For general structural 
purposes, V-butts—either single or double—cover all normal 
requirements for butt welding, and should be regarded as the 
standard procedure. 

For downhand welding, V-butts are the easiest of all welds to 
lay, as they are so shaped that the molten metal assumes the 
desired profile by gravity. They are also comparatively cheap, 
as maximum welding speeds can be obtained with this type of 
weld. When for any reason it is not possible to include the sealing 
run in a single V-butt, specification requires that the throat thick- 
ness shall be not less than seven-eighths of the plate thickness and 
requires evidence to be produced to shew that this requirement 
has been met. for stress calculation in such cases, to allow for 
the eccentricity of the weld metal relative to the parent metal, a 
nominal throat thickness not exceeding five-eighths of the plate 
thickness is to be assumed. In any case unsealed butt welds of 
any type are not to be used when the plate is subject to a bending 
moment about the longitudinal axis of the weld. Neither are 
such welds to be used when the load includes impact or vibration 
effects. 


J-Butt and U-Butt Welds (Fig. 9). 


These welds are rarely used in structural practice, and only 
when special circumstances make it impossible to employ a standard 
c 
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Fig. 9. 
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\V-butt. The labour in preparation is much greater than for a 
V-butt with no corresponding advantages for normal work. 
jJ-butts or U-butts become necessary when it is not possible for 
the operator to see clearly the work in progress had a V-butt been 
specified, or where a V-butt does not allow proper access for the 
electrode to the surfaces to be welded, but it is not often in normal 
structural work that this will occur. Rather than use such welds 
it is much better to revise the detail to suit a standard V-butt 
whenever possible. Requirements for incomplete penetration, 
that is, without sealing run, apply equally to these welds as for 
V-butt welds. 

Where two plates of unegual thicknesses have to be butt- 
welded together, it is obvious that at the joint the thinner plate is 
strong enough to take the load, and it is therefore necessary for 
the weld to develop the strength of the thinner plate only. To 
obtain a satisfactory joint the thicker plate should be bevelled 
down to the thickness of the thinner plate with a slope of 1 in 3, 
as shown in Fig. 10. When for any reason it is not desired to 
bevel the thicker plate, the weld metal should be built up at the 
junction with the thicker plate to a dimension of at least 25°4 
greater than that of the thinner plate, or alternatively to the 
thickness of the thicker plate, whichever is the lesser. 


Bever tin S. V Burt To 
Sulit? THINNER 
PLATE. 


PLATES OF UNEQUAL THICKNESS. 


Fig. 10. 


Welds Between Horizontal and Vertical Plates. 


Good quality fillet welds should have a straight, even leg length 
with a regular smooth surface and slightly convex profile, together 
with the correct penetration over the complete run. The quality 
of the weld is dependent upon the welding current, and upon the 
size, operational angle, and speed of travel of the electrode. 
Incorrect combinations of all these factors will almost certainly 
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produce faults which in some cases can only be remedied effectively 
by cutting out and re-welding. The main faults are :—- 


(1) Incorrect weld contour due to weld metal flattening out 
on the horizontal plate, caused by the electrode being held 
at the wrong angle. 

(2) Undercutting of the vertical plate, due to the electrode 
being too large, and/or the travel speed being too low or 
irregular, thus creating a definite point of weakness at a 
place where stress concentration occurs. (See Fig. 11). 

(3) Inadequate penetration and a lumpy bead surface due to 
the current being too low. 

(4) Rough burnt surfaces of plate with weld spatter due to 
the current being too high. 


In trying to avoid any one of these faults it is very easy for the 
operator to fall into one or more of the others, and when taking out 
electrode quantities it is advisable to assume that more weld metal 
will be deposited than is theoretically necessary. In cases where 
undercutting has occurred the loss in area must be made good with 
an additional run if the weld is not cut out and relaid. 


WNDERCUTTING OF VERTICAL PLATE. 
Fig. 11. 


Vertical Welding. 


Vertical welds may be laid either downward or upward, but 
preferably upward. The heat absorbing property of the plates 
freezes the weld metal solid before it has had time to fall providing 
the arc is not concentrated too long in any one locality. Surface 
tension also resists the tendency of the molten metal to fall. In 
downward welds only light runs should be attempted or the molten 
metal will fall by gravity before it has had time to freeze, and any 
attempt to make a larger run only results in melting away metal 
already deposited. Downward welding is very suitable for sealing 


runs, and may also be used for seams up to 1”. Upward welding 
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should always be used for heavier seams so that the deposited 
metal when freezing provides support for succeeding runs. 

Fig. 12 illustrates a suitable and usually satisfactory method 
of laying vertical welds, both for single pass and multi-pass welding. 
The first run is laid in an upward direction from point 1 to point 2, 
and the second run also upward, from point 3 to point 4, the gap 
between points 1 and 4 being not greater than can be filled in with 
a single electrode. This gap is now filled in, also in an upward 
direction. If the weld is of the multi-pass type, the second and 
following passes are laid in the same manner as the first pass, all 
these passes being convex in shape. The final pass, intended to 
give a good finish to the weld, is made downwards with a concave 
surface as smooth as possible. 

Typical faults in vertical welding are :-— 

(1) Undercutting due to the current being too high, the travel 
speed too low, or the electrode too large. 

(2) Slag cavities due to the current being too high, or the 
travel speed too high. 

Generally, with vertical welding—whether upward or down- 
wward-—the first run should be made with a small electrode of about 
10 gauge to ensure good penetration. 


Overhead Welding. 


This is a somewhat difficult operation, owing to the tendency 
of the molten metal to fall by gravity, and should only be attempted 
when no other procedure is possible. The globules of metal 
passing across the arc must be frozen in the shortest possible space 
of time, and special ‘‘overhead”’ electrodes possessing the necessary 
properties for quick freezing are usually employed. 

Overhead welds should always be laid in straight runs and no 
weaving should be attempted in load carrying passes. <As the 
welds can only be deposited in narrow beads, multi-pass runs are 
invariably necessary. If appearance is of some importance, a 
final weave can be deposited over the weld, although this requires 
some skill on the part of the operator and in any case adds little 
strength to the weld. 

Only welders of proved skill and efficiency should be employed 
in making overhead welded joints, and the passes should be laid 
in very short lengths, continually breaking the arc to allow the 
metal to freeze. 

Typical faults in overhead welding are :— 

(1) Undercutting due to the current being too high, the travel 
speed too low, or the electrode too large. 

(2) Uneven leg length due to unequal play of the electrode 
on the two surfaces, often resulting in slag inclusions 
from later passes. 


ST pass. 
UPWARDS & CONVEX. 


2X? pass. 
UPwarRvds & CONVEX. 


Fina Pass. 
DOWNWARDS & CONCAVE. 


METHOD OF LAYING VERTICAL WELDS. 


Fig. 12. 
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Inclined Welding. 
The following general rules will usually be found to give a 
satisfactory procedure :— 
(1) For seams inclined to the horizontal at an angle of less 
than 45° use downhand welds. 
(2) For seams inclined to the horizontal at an angle greater 
than 45° use upward vertical welds. 
(3) For overhead seams inclined to the horizontal at an angle 
of less than 45° use overhead welds. 
(4) For overhead seams inclined to the horizontal at an angle 
greater than 45° use upward vertical welds. 


All such cases must of course be judged on their merits, but the 
above division although somewhat rough and ready 1s a good 
general guide. 


Penetration and Fusion, 


Weld profiles indicated in the various diagrams are not, of course, 
intended to indicate the exact amount of penetration into the 
parent metal ; still less are they meant to infer a line of demarcation 
between parent metal and deposited metal. The whole principle 
of welding is to produce a complete fusion of parent metal and weld 
metal so that the parts joined together become in effect one single 
unit similar to a casting. For this purpose a deep penetration 
is not necessary and is in fact wasteful if the weld is required to 
have only normal weld strength. All that is required is to melt 
the outside layers of crystals in the parent metal to produce a 
proper fusion. When an unintentionally deep penetration has 
been obtained, it may mean that the current was unnecessarily 
too high. 


‘Distortion. 

The distortion of component parts of a structure or member, 
produced mainly by continuous welding, constitutes one of the 
most difficult of all problems in welding practice. Distortion is 
due to the contraction of the molten metal in cooling, and unless 
adequate steps are taken to control the effect of such contraction 
it is likely to pull members out of shape to a prohibitive degree. 
With plates of large area, distortion is sometimes caused by internal 
stresses set up during the processes of manufacture, and this is 
naturally a point difficult to detect. Methods usually adopted 
to control distortion may be summarised as follows :— 

(1) If distortion seems likely to occur, welding procedure 
is organised so that the pull of one weld cancels out the 
opposing pull of another weld. 

(2) Individual runs are made comparatively short, compared 
with the thickness of the metal, as distortion effects are 
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Weed LAID In SHoRT LENGTHS IN ORDER STATED. | 


TYPICAL PROCEDURE TO AVOID DISTORTION. 
Fig. 13. 


AUTERNATIVE ARRANGEMENT OF WELDS 


(Back STEPPING) To 4vain DisToRTION. 


Fig. 14. 


ARRANGEMENT Of INTERMITTENT 


Wer.so ro Avoid BDISTeRTION. 


Fig. 15. 
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cumulative and automatically increase with the lengthen- 
ing of the weld. 


(3) The parts should be rigidly tack welded at intervals of 
3’ 0” to 4’ 0” before any runs of weld are laid, in order 
to keep individual parts in correct relative position. 


(4) With continuous welds the weld metal may be deposited 
in short sections as shewn in Fig. 13. Alternatively 
what is known as the ‘“‘back-stepping’’ method shewn in 
Fig. 14 may be used, or some variation of this. Where 
the welding is intermittent the procedure is as shewn in 
Fig. 15. 

(5) The travel speed of welding should be as rapid as possible 
to prevent the heat moving ahead of the arc. 


(6) The shape of the piece must be checked from time to 
time with a gauge during welding, and if distortion has 
commenced the work must be stopped on the weld causing 
the distortion and an opposing weld laid to bring the piece 
back to correct profile. 


(7) Pre-heating of the plates is sometimes resorted to, so 
that the job expands and contracts as a whole, but this 
method is not sufficient in itself without additional 
safeguards. : 


(8) If it is expected that welding will produce distortion in 
any one direction, the plates may be given an initial 
distortion in the opposite direction before commencing 
welding, so that the welding may pull them back to the 
required alignment. This is a somewhat rough and ready 
procedure which may however mect the case where 
absolute accuracy of profile is not essential. The difficulty 
here of course is to assess how much distortion to allow for. 


(9) When there is reason to believe that internal stresses 
have been set up in large plates during manufacture, 
distortion due to this cause may be prevented or minimised 
by re-rolling the plates before welding. 


From the above remarks it will be clear that distortion provides 
a major problem which is not easily solved. It will also be 
apparent that welded work requires more expert supervision and 
experimental research than riveted work, and this point must be 
borne in mind when attempting to assess relative costs of manu- 
facture. 

Fig. 16 indicates a method of holding the legs of angles in 
correct alignment during welding. When plate A is welded on 
the angle may be distorted, and this can be prevented by first 
welding in the triangular stiffening plate B. Alternatively if the 
angle is large distortion can be avoided by welding on plate A by 

D 
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TRIANGULAR Peete A. 
StTieFeneR B. 


METHOD oF PREVENTING 


DISTORTION tN ANGLES. 
Fig. 16. 


the back-stepping method previously described, but this is not 
so satisfactory as the inclusion of the stiffening plate, which in 
addition to preventing distortion also gives a better distribution 
of the load, and maintains the casting analogy referred to previously. 


One of the most troublesome distortion problems is provided 
by the angular distortion of flange plates in welded plate girders. 
It will be clear that the deflection at the edges of the plate will 
be approximately proportional to the width of the plate and to 
the fillet size, and inversely proportional to the thickness of the 
flange plate. Working on this basis it has been found in practice 
that if a ¥” fillet weld is applied to a 12” 1" flange plate the 
distortion is practically nil. From this a simple rule may be 
devised. 


Let w = width of flange plate in inches. 
f = thickness of flange plate in inches. 


s fillet size in inches. 
Then for the above 12” x1” plate with ts" fillets 
wxs 12x # 
“t+ Bek on 


Thus in any plate girder where this ratio equals or nearly equals 
3-75, the distortion will be small. This means in effect that a 
small adjustment in plate width and thickness will often solve this 
particular problem without having to resort to special devices. 
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(Further useful information on the control of distortion may 
he obtained from the article on “Aspects of Welding Distortion in 
Shipbuilding,” by D. M. Kerr, in Transactions of the Institute of 
Welding, dated October, 1950, and from A.E.S.D. pamphlet “The 
Control of Distortion in Welded Structures,” by E. W. Ansell). 


PART II. 
DESIGN OF DETAILS. 


Connection of Angles, 


Gase 1—Full Area Effective. 
Referring to Fig. 17 :— 
Let A =~ area of section of angle in sq. ins. 


F = permissible stress in angle in tons/sq. in. 
P = load carried by angle = AF. 
S, = load in weld at heel of angle in tons. 
S, = load in weld at toe of angle in tons. 
f = strength of weld in tons per lineal inch. 
Taking moments about X (the toe of the angle) 
. Pb 
5, = 
a+b 


Fue AREA 
\. ASSUNRIED EREe@CTIVEe. 


CONNECTION OF ANGLES. 
Fig. 17. 


Ie 
ie 0) 
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Taking moments about Y (the heel of the angle) 
Pa 
SS = = 
a+b 


Using fillets of equal size on both sides. 
Effective length of weld S, 


i. >  _F  £P ( b ) 
tf fast) ~ fF Vato 
Effective length of weld S, 
L. = Sy _ Pa 7 Po ( a ) 
° f f (a+b) f a+b 


If for constructional reasons it is desired to have equal lengths 
of weld at heel and toe :-— 


Strength per lineal inch required at heel 


LL (a+b) L 
Strength per lineal inch required at toe 


. & Pb P (+) 


a+b 


Lb Lie) ~ b Vatd 
Thus it will be seen that whether it is desired to find the lengths 
of equal sized welds or the sizes of weld required for equal lengths, 


in either case the required values have the same ratio to each other 
as dimension b has to dimension a. 


— Se] Pa + (_+_\ 


Case 2—Assuming only half area of outstanding leg is effective 
in taking load. 


Referring to Fig. 18. 


load carried by angle = AF. 


strength of weld in tons per lineal inch. 
Using fillets of the same size on both sides :-— 


Let A = _ assumed effective area of angle in sq. ins. 
= area of horizontal leg + half area of vertical leg. 
F = _ permissible stress in angle in tons/sq. 1n. 
P = 


P 

2f 

This procedure is to some extent approximate as it assumes 
that the effective area of the angle is divided into two equal parts 
by the neutral axis. The degree of error is very small, especially 
in the case of small angles. . 

If it is desired to be exact the position of the neutral axis for 
the assumed effective area of the angle must be found, and the 
procedure outlined for Case 1 adopted. 


Effective length of weld required each side 
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HALF RARER? CF VERTICAL 


LEG EFFECTIVE. 


NEUTRAL Axi. 


CONNECTION OF ANGLES. 
Fig. 18. 


If side fillets alone are incapable of transmitting the load in 
the angle, then either one or two end fillets must also be included. 
Typical examples will be found later in the case of a welded roof 
truss. 


Beam Seatings on Stanchions. 


With riveted construction seatings consist of either a cleat or 
a built up bracket according to the load to be transmitted. If 
the stanchion were a casting the seating would consist of a lug 
cast on with or without a stiffener beneath to suit the load. Main- 
taining the principle that welded work is analogous to a casting 
rather than to riveted work, a lug consisting of a flat about 3" 
thick, as shewn in Fig. 19 (a), can be used if the seating is purely 
at rest, taking no load. 

Such a seating can also be used in place of a riveted seating 
cleat when a beam reaction is transferred through web cleats with 
rivets or bolts. If the seating transmits load any of the con- 
structions shewn in Figs. 19 (b) to (h) can be used according to 
requirements. Fig. 19 (b) shews a tee-seating which is quite 
suitable for small loads. Fig. 19 (c) shews a joist cutting for 
larger loads, and for economy the depth of bracket should be half 
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¢ 
($) 
BeAm SEATINGS. 
Fig. 19. 


the depth of joist used so that two brackets can be obtained from 
the same piece of joist with a single cut. Figs. 19 (d), (e), (f) and 
(g) shew cleat seatings with either side or end fillets, or both, accord- 
ing to the load to be carried. Fig. 19 (h) shews a deeper cleat 
with a stiffener for heavier loads. In all these cases the effective 
length of weld connecting the seating to the stanchion should be 
based on an allowable stress of 6} tons per square inch when 
designing to B.S. 449, 1948, the area of section of the fillet being 
the effective length multiplied by the throat thickness. 

Example :—Using i” fillets, find the effective length of weld 
required to transmit a reaction of 20 tons. 


Effective weld area required = 


= 3-077 sq. ins. 

6-5 

. ‘ : 3-077 , 

Effective length required = —M———— ~ 17.4” (say 18") 
t x 0-707 “ 


Eccentric Beam Seatings, 


Fig. 20 gives a typical example of such a seating. The load 
is first transferred from the cleat to the gusset and thence to the 
stanchion flange. If the top edge of the gusset is machined to 
give a perfect bearing for the beam some of the load will be trans- 
ferred directly into the gusset, but it seems safer to assume that 
the welds connecting the cleat to the gusset must take the full load. 
On this basis there are three stages in design :— 
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Fig. 20. 


32 DESIGN OF STRUCTURAL WELDED DETAILS 


(1) The welds connecting the cleat to the gusset take the load 
in shear. 


(2) The gusset must have sufficient depth and thickness tuo 
transmit the load. 


(3) The welds connecting the gusset to the stanchion must be 
of sufficient strength to take the direct shear and the 
moment produced by the load. 


Connection of Cleat to Gusset, 


Try 4” x4" x4" angle 7” long with +,” fillets. a 

Effective length of weld = 4"+4"+7"-(2x ~") = 143". 

Allowable load per inch for +,” fillet at 6! tons per. sq in. 
= 1-44 tons. 

Total value of weld = 142 x 1-44 = 20-7 tons. 

This is satisfactory. 


The triangular stiffener inside the cleat is intended to prevent 
bending in the horizontal leg. 


Gusset Strength. 


The gusset must have sufficient vertical sectional area immedi- 
ately beneath the beam centre line to transmit half of the load in 
shear, and sufficient vertical sectional area at the edge of the cleat 
nearest to the stanchion to transmit the whole of the load in shear. 
Usually unless the load is very large and/or the gusset has too 
sharp a cutaway at the top outside corner this requirement is 
covered by the construction, but it should be checked. 


In addition the gusset must have a sufficient vertical section 
modulus on line YY to resist the moment. 


Checking first for 
bending. 
Moment of load about YY = 20 x6 = 120 tons ins. 
BD? 1 x 122 . 
Z of gusset = = SS S— «= 12 ms. 
5 6 6 
120 
fb = “a 2 10 tons per sq. in. 


This is satisfactory, 
for some distance in ad 


Checking for Shear. 
Area of gusset = 


especially as the gusset at this section and 
vance is welded to the stanchion flange. 


12x} = 6 sq. ins. 


fs = a > 3-33 tons per sq. in. 


This also is satisfactory and the gusset will be suitable. 
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Welds Connecting Gusset to Stanchion. 


Calculations will be made on the basis of 1” throat thickness. 
It will be found in practice that this method is a convenient 
procedure. 
Moment of load about centre of gravity of weld system 
= 20 x 6 = 120 tons ins. 
Depth d of vertical welds = 12", 
Width « of horizontal welds = 7”. 
Distance r from centre of gravity to extreme fibre of welds 
= V3P4+6 = 6-95". 
Total length of weld = 2 (7+12) = 38”, 
Ip = polar moment of inertia = Ixx + Iyy. 


oe 2 x 128 2x 73 
For 1” throat thickness Ip = ( 12 ) + ( 12 ) 


+ (2x12x3}) + (2x76?) = 1143 ins.4. 


: 20 
Shear stress per inch run of weld = 38 = 0:53 ton. 
M xr 120 x 6-95 
Ip ——‘'1148 
= 0-73 tons. 


Bending stress per inch run of weld = 


Resultant stress per inch run of weld 
= +/0-532 +0-732 + (2 x 0-53 x 0-73 xcos A) = 1-1 tons. 

1” fillets at 6-5 tons per square inch are capable of taking a load 
of 1-15 tons per inch run, and will be used. 

It will be noted from the diagram of stress distribution that 
the load of 1-1 tons per inch is a maximum, occurring only at the 
extreme corners, and elsewhere it will be less. For example, at 
any point K, at a distance of rk from the centre of gravity, the 


paral ; ‘ll be M xrk 120 x rk 
stress Wi = 
bending stre I 1143 


This value is less than the maximum bending stress previously 
calculated, so that the load per inch run at K will be less than 
1-1 tons. 

The procedure given above for the calculation of the load in 
the welds connecting the gusset to the stanchion is the method 
generally adopted in structural practice, but is open to some 
criticism. It is argued that the welds are subject to torsional 
stresses rather than bending stresses, produced by a torque moment 
of 20x6 = 120 tons ins. On this basis, with welds of the same 
size throughout the shear stress due to torque will be constant 
throughout, or very nearly so, amounting to (for 1” throat) 


E 
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120 
2x12x7x1 


Maximum shear stress in the weld would thus be 0-714 —0-53 
(due to vertical shear) = 1-244 tons per sq. in. 


This value is more than the previous result and if this procedure 


is adopted a +” fillet would be required. 


Generally it will be found that with small loads and/or small 
eccentricities the same size of weld will be required whichever 
method is adopted, but as loads or eccentricities increase there 
will be a variation in result. It therefore seems desirable, until 
such time as welding practice is more generally established, to 
design for safety as an increase of ,',,” in the fillet size will not greatly 
increase the cost. 


= 0-714 tons per sq. in. 


CENTRE OF 
—_—es 
SRAVITY OF 


WELD SYSTEM. 


ECCENTRIC BEAM SEATINGS 
SPECIAL CASES WITH WELOS ON 9 SIDES ONLY. 
Fig. 21, 


Eccentric Beam Seating (Special Case), 


Fig. 21 is generally similar in construction to Fig. 20, the only 
variation being that the gusset is welded to the stanchion flange 
on three sides only. The centre of gravity of the weld system is 
first found and the procedure is then as before. It should be 
noted that the eccentricity is greater than in Fig. 20, giving an 
increased moment, so that with less weld metal in addition a deeper 
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bracket will be required for the same load. Unless therefore there 
are good constructional reasons for omitting the additional run of 
weld there seems no point in preferring this type of bracket to that 
in Fig. 20. 


Crane Brackets to Stanchions. 


Figs. 22 to 25 shew typical constructions for the more usual 
types of brackets. For simplicity, calculations are based on a 
throat thickness of 1”, as in previous examples. 


Referring to Fig. 22 and assuming effective length of weld is 6”, 


Ixx of welds = 2A72 = 2x6x1x62 = 432 ins.* 


I 432 
Zxx of welds = — = = 72 ins.§ 
y 6 
M P' xe 12 x6 ' 
fb = 7 es 7 — = . = = | ton per sq. in. 
P 12 , 
fs = a. = waht = | ton per sq. in. 


Resultant stress = 4/]24 12 = 1-414 tons per sq. in. 


P: \Q TONS 


Heb 
| 
ales 
| 
| 
: 
| 3S" 
t 1G Fivets. 
Hel 


CRANE BRACKETS WiTH END FILLETS. 


Fig. 22. 
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An alternative procedure, which is actually the same procedure 
written down in different form, is as follows :— 


Let H = _ horizontal component of load in weld per inch run. 
L = effective length of weld = 6”. 
VY = vertical component of load in weld per inch run. 
M = Pxe = Hxlxd. 
HW P xe 12 x6 id acl 
aa Baxi on per inch. 
P 12 ; 
y = = = | ton per inch. 
21 2x6 
Resultant = 4/124 12 = 1-414 tons per inch. 


~;” fillets at 64 tons per square inch will take a load of 1-44 tons 
per inch run and will be used. 


S 2 FILLETS 


CRANE BRACKETS WITH Si0e FILLETS. 
Fig. 23. 


For Fig. 28 the procedure is as follows :— 


y f 1d 2 BD? 2x1 x 13-5? 
‘xx of welds = 6 a 6 
M 6x12x6 , 
‘= = = & «119 tons per sq. in. 
Z 2x1x 13-5? 
f P B O-44 t in 
= — =~ ——— = 9¢. er sq. in. 
7 A 2x 135 x1 Oe eet re 
Resultant = 4/]-192+0-442 = 1-27 tons per sq. in. 


3" fillets taking a load of 1-44 tons per inch run will be used. 
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CRANE BRACKETS WITH SIDE AND END FILLETS. 


Fig. 24, 


For Fig. 24 the procedure is as follows :— 


Ix of top and bottom welds =2 x5 x 1 «6-75? = 455-6 ins.4 
2x1x 13-58 

Ix of side welds = — = 410-06 ins. 

Total I,, = 455-6 + 410-06 = 865-66 ins.! 
I 865-66 

Zs, of welds = — = = 128-3 ins.3 
¥ 6-75 

e M 12x6 0-56 t oe 

= — —— = 0: ons . in. 
Z 128-3 os 
Total length of weld = 2 (5+13-5) = 37 ins. 
P 12 

c = —- = = 0-324 tons per sq. in. 

ae A 37 x 1 on 

Resultant = 4/0-562+0-3242 = 0-65 tons per sq, in. 


#." fillets at 6} tons per square inch will take a load of 0-86 ton 
per lineal inch but these are rather small for a joist flange and 1” 
fillets will be used. 

For purposes of comparison this example has been worked out 
for a bracket of the same depth as that in Fig. 23, and it will be 
seen that the additional fillets at the top and bottom give con- 
siderable additional strength. With these fillets the bracket 
could in fact be reduced in depth. 
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UNSYMMETRICAL CRANE BRACKETS. 
Fig. 25. 


For Fig. 25 the procedure is as follows :— 


To find the centre of gravity of the weld system, moments are 
taken about the top flange of the bracket. 


Moment of flange weld = 6x1x0 = o. 
Moment of web welds = 2x11x1x7 = 154 ins. 


Area of welds (6411411) x 1 = 28 sq. ins. 
= 154 R44 Qi” fond w | ins 
yao= 98. FS Ye = lag -og = / ims. 
2x1x118 
Ie = (6x1x5%) + ‘ara, + (2x11 «1x 132) 
= 452-8 ins.* 
452: : 
Zext = se a 82:3 ins? Zax. = ene = 64-7 ins.3 
53 7 
M 72 : 
fo, = Z, = 59.3 = 0-87 tons per sq. in. 
M 72 
foe = Z, > ae = 1-1] tons per sq. in. 
fs P 12 0:43 + ; 
= — = — = 0 Co) . in. 
a = ms per sq. in 


Resultant stress at extreme tension fibre (top of bracket) 


= V0-872+0-432. = 0-97 tons per sq. in. 
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Resultant stress at extreme compression fibre (bottom of bracket) 

= /1-112+0-432 = 1-19 tons per sq. in. 

At 6} tons per square inch }” fillets will take a load of 1-15 tons 
per lineal inch and this would do for the flange weld, but as it is 
rather fine for the web welds, all welds will be made 3%" fillet for 
uniformity. 


Beam End Connections (Non-Rigid). 


Fig. 26 illustrates a typical beam end detail which is suitable 
for practically any beam section, and compares very favourably 
with an all-riveted or bolted connection involving the use of web 
cleats. The detail is, in fact, a typical example of how shop welding 
can be usefully and economically introduced into building work 
where site connections are bolted or riveted. There is very little 
eccentricity of load on the welds, which may therefore be designed 
for simple shear. 


Depth of web at end = 9”. 


Assume effective depth of fillets = 83”. 
Reaction = 6 tons. 
‘ i2°x5 RSJ. 
(op) 
Te 
16 FiLtLeT 
i 
HoLesS FOR 
Site Borts. = 
1 


BEAM CONNECTIONS (NON- RIGID) 
SHOP WELDED. 
Fig. 26. 
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Load per inch run of fillet = . = 0-352 ton. 
2 x 8} 

At 6} tons per square inch }” fillets have a value of 0-57 tons 
per lineal inch, but these are rather small and -,” fillets will be 
used, which will also give ample security against moment due to 
the slight eccentricity. End plates will be made the same thickness 
as the beam web, with a sufficient width to insert the site bolts. 

For a connection of this type it is not essential to make the 
fillets continuous. Where the beam is deep and the reaction 
small, welds can be intermittent with a sufficient total effective 
length to take the reaction. 


Fig. 27 shews an alternative type of beam connection involving 
site welding. Site welding above ground level is nearly always 
a hazardous operation in addition to being expensive, and there 
appears to be no adequate reason for introducing this type of 
connection into a structure in preference to that shewn in Fig. 26. 
The lug on the stanchion serves purely as a rest, and the fillets to 
the beam web are designed to take the reaction in simple shear as 
in the case of Fig. 26. 

A further alternative end detail is shewn in Fig. 28, which also 
involves site welding. The flats are shop-welded to the beam 
and site-welded to the stanchion. It is assumed that the welds 
share the moment produced by the eccentricity of the connection. 


BEAM CONNECTIONS (NON - RIGID) Site WELDED 


Fig. 27. 
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Ae FILLET. 
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STANCHION. 


ie~1S RSJ. 
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i Tons. 


Beam ConnECTIONS (meon-Riei) SITE WELDED. 
Fig. 28. 


Moment from reaction = 6x3 = 18 tons ins. 
Moment taken by each pair of fillets = = = 9 tons. ins. 


a 


For 1” throat thickness Z of each pair of fillets 


2 x1 x9? = 
SS = 27 ins? 
6 
M 9 ae 4 ; 
a = —.. = 0-33 tons per sq. 1M. 
. J 2/ 
fs 2 0-33 t 
= aS = 0 ons per sq. in. 
. 2x9xl _ 


Resultant = 0-334/2 = 0-47 tons per sq. in. 
},;” fillets at 6} tons per square inch will take 0-86 tons per 
lineal inch and will be used. 


Rigid Beam End Connections. 
Type 1—Beams to Stanchion Webs (I'ig. 29). 

The general principle of design for connections of this type is 
to make the welds as strong as the beam. So far as loads are 
concerned this usually means erring slightly on the strong side, 
but it is a sound principle that connections generally should have 
the same margin of strength as the members. 


Moment of inertia of beam = 221 ins.4 
Moment of resistance of beam at 10 tons per sq. in. 
fi 10 x 221 


=-_— = — = 368-3 tons ins. 
y 6 
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% FILLSTS TO WEB 


6:15 


6:6. 


BEAM CONNECTION TO STANCHION WEB. 


(RIGID TYPE) SITE WELDED. 


Fig. 29. 


BEAM CONNECTIONS TO STANCHION 


FLANGES (RIGID TYPE) Site WELDED. 


Fig. 30. 
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To obtain a moment of resistance of 368-3 tons ins. in the welds 
for a stress of 64 tons per square inch, moment of inertia required 
. 368:3 x 4’ 368-3 x 6-15 _. 
in welds = ———— = ——— = 3485 ins.? 

f 6-5 

Assume 3” fillets to flange with throat thickness of 0-442". 

Moment of inertia of flange fillets =2ar?_ =2 x 10} x 0-442 x 53° 

= 306-9 ins.4 

Moment of inertia required in web fillets = 348-5 —306-9 

41-6 ins.4 

For 3” fillets with throat thickness of 0-265”, moment of inertia 

- 2BD2 2 x 0-265 x 108 Weg 
given = 12 = er = 44-2 ins.’ 
Use §" fillets to outside and inside of both flanges, and 3” fillets 


to web. 


Type 2—Beams to Stanchion Flanges—Connections on Both Flanges 
(Fig. 30). 

The procedure is to assume that the maximum permissible 
bending moment is developed in the connections assuming the 
maximum beam stress of 10 tons per square inch and the maximum 
weld stress of 64 tons per square inch. On this basis the connection 
is as strong as the beam. 

Thickness of beam flange 0-55”. 

Maximum load in flange 5 x055x10 = +27:5 tons. 

These forces must be carried across the stanchion by means 
of the welds and stiffening flats. 


27-5 

Load per lineal inch of flange weld = ne 7 2-62 tons. 

§" fillets at 64 tons per square inch will take 2-87 tons per lineal 
inch and will be used. 

The purpose of the stiffening flats is to stiffen the flanges against 
deformation and also to ensure uniformity in the weld stresses. 
Assuming all the load is transmitted through the stiffening flats 
(actually they will receive slightly less), area required in flats 

27°5 
= —— = 2-75 sq. ins. 
10 

2 flats 24” x 8” will be used. Area given = 2-81 sq. ins. 

The welds at the ends of the stiffening flats must also transmit 
the load, and §” fillets will be used as before. 

The stiffeners need to be tack welded to the stanchion web and 
1” fillets (decided without calculation) will serve for this purpose. 
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Type 3—Beam to Stanchion Flange—One Side Only (Fig. 31). 
This case is generally similar to Type 2, requiring similar treat- 
ment except that the stanchion web now needs stiffening to resist 
shear and possibly buckling. Welds and stiffening flats to the 
stanchion flanges will be as previously, and additional calculations 
are necessary only for checking the strength of the stanchion web. 
Load from beam flange (as previously) = 27-5 tons. 
Assuming all this load is transmitted into the stanchion web, 
27-5 


shear stress in web = 0x04. = 6-88 tons per sq. in. 


an 


@ Fivets. 


E | | :| 


it 
i 


Z1| o ; 
4|| 2 12". S Beam. 
ey) ow 
— a) @ 
10 »6 : al| 2 
STAN. l| A 


FILLETS . 


BEAmM CONNECTION TO STANDARD FLANGE 
Risin TYPE) Site WELDED. 
Fig. 31. 


This is higher than the allowable shear stress of 6-5 tons, and 
although the excess is not very great it seems desirable to stiffen 
the web against shear. 

To illustrate the procedure, the web will also be checked for 
buckling.* 

The buckling length is measured along the vertical centre line 
of the stanchion and the load from the beam flange is assumed to 
spread at an angle of 45° both upwards and downwards to the 

*For detailed explanation of method of checking beam webs against 


buckling and also bearing, see A.E.S.D. pamphlet “Structural Steelwork 
Design to B.S.S. 449 (1948).” 
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stanchion centre line. The buckling length will thus equal the 
thickness of the beam flange, plus the size of the two 3” welds above 

and below, plus the depth of the stanchion section, 7.e., 

055 +2 4+3+10 = 11°98”. 
Ratio of slenderness for buckling stress 
dB 814 x 1-78 

= = = 35 

t 0-4 

Allowable buckling stress (Table 7 of B.S. 449) = 7-3 tons/sq. in. 

Allowable buckling load = 7-3x11-8x0-4 = 34-5 tons. 

The web will also be checked against bearing. The bearing 
line is at the bottom of the stanchion flange root, that is 1-43 inches 
from the flange face, and the load is assumed to spread at an angle 
of 30° both upwards and downwards to this line. 


Bearing lengtl Adee age, = 
3earing length = 0-55"+3"+3"+ VO = 
: ss "tan 30° 


5-9". 


= 10-11 tons per sq. in. 


Bearing stress 


This is less than the allowable bearing stress of 12 tons per 
square inch and the web is safe for bearing. ; 

The necessary stiffening against shear may be obtained by 
inserting a }” flat on each side of the web securely welded to the 
profile of the flange and to the web. 

27:3 : 

Shear stress in stiffened web = ———— = 3-06 tonsjsq.. mM. 

10 x 0-9 

When the depth of the stanchion is considerably more than 
that of the beam, that is to say, sufficiently more to make web 
stiffening unnecessary, a slightly different procedure is often 
adopted which also dispenses with the stanchion flange stiffeners. 
The procedure is shewn in Fig. 32, and the beam together with the 
brackets may be considered as a casting loaded somewhat simuarly 
to a stanchion base subject to bending moment. _ It will be clear 
that a small part of the load from the beam flanges, assumed 
previously to be transmitted directly to the stanchion, will now 
be transferred through the beam web, and it will be assumed in 
this case that one-third of the flange load will be thus transferred 
(a safe assumption) leaving two-thirds to be transferred through 
the brackets. 


Load transferred through web = }x27-5 = 9-2 tons. 
Load transferred through bracket = 3 x27:5 = 18:3 tons. 
Sectional area of gusset = 6x} x0-707 = 2-12 sq. ins. 
ee 18:3 

Stress in gusset = = 8-63 tons per sq. in. 


46 
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Load per inch run of weld = oo = 1-53 tons. 

ax 

3” fillets at 63 tons per square inch will take 1-72 tons per lineal 
inch and will be used. 

The weld between the beam flange and the stanchion should 
be designed (for safety) to take 9-2 tons, although part of this will 
undoubtedly go through the beam web fillets. 

2 
Load per inch run of weld = — = 1-02 tons. 
(say) 9 

1” fillets will take 1-15 tons per inch and will be used, the same 
size being continued along each side of the web. 

In cases where the stanchion section is less than that of the 
beam, it is only necessary to develop the strength of the stanchion 
in the connection. The construction will be generally as in Fig. 31, 
modified only to suit the conditions. Assume for calculation 
purposes the stanchion is of 8” x5” joist section. 

Section modulus of 8” x5” R.S.J. = 22-42 ins.8 

Moment of resistance at 10 tons per sq. in. = 22-42 x10 

= 224-2 tons ins. 

The maximum bending moment that can thus be transferred 

is 224-2 tons ins. 


224-2 
Load transferred by flange welds = “us 19-5 tons. 
, 19-5 : 
Load per lineal inch of weld = “7 1:95 tons. 


i,” fillets will take 2-0 tons per lineal inch and will be used. 

As in Fig. 31, the stanchion web needs stiffening (if necessary) 
to resist shear, buckling, or bearing, and stiffeners will also be 
needed to the stanchion flanges capable of taking the load of 19-5 


tons, the procedure being as already described. 


Plate Girder Design. 

Preliminary calculations for web and flange areas may be based 
on the assumption that the web takes all the shear and the flanges 
take the bending moment. 


In Fig. 33—Let A, 


Flange area. 


7 Flange force. 


Sy = Vertical shear at any point. 

Di = Horizontal shear at same point. 
f = Allowable flange stress. 

M = Bending moment at any point. 
M.R. = Moment of resistance at same 


point. 
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Then F, = A, Xf 
M.R. = F,xd = A,xfxd = M. 
Be M 
A, = SS 
f fxd 


Preliminary calculations for flange area may be made on this 
basis to find a suitable section quickly, and the result may be 


Mx 
i 


The welds connecting the flanges to the web take the horizontal 

shear 5,, which may be calculated from the standard formula 
S S,xG Sy x A, x d/2 
b= 4 I I 

This formula gives the shear per lineal inch run of flange at 
any section, and the fillet size is fixed to suit, bearing in mind that 
there are two lines of fillet to each flange, so that each line takes 
half of the above horizontal shear per inch. 

Fillets to the compression flange should always be made con- 
tinuous, but those to the tension flange may be intermittent if 
the load permits, and providing there is no possibility of corrosion 
between the web and the flange. 

In the case of plate girders taking heavy loads the flange plates 
will require to be thicker at the centre than at the ends, but unless 
the centre plates need to be very thick (say over 2”) it is not 
necessary to pile plates one on top of another as in riveted work. 
The centre portion of the flange can be made in one thickness 
(if not too heavy for handling) and the joint between this plate 
and the end plates can be made as shewn in Fig. 10, where the weld 
develops the strength of the thinner plate only. If with heavier 
loads it becomes necessary to add an additional plate in the centre, 
the outer plate is made narrower than the inner plate to allow for 
straightforward downhand welding, and the longitudinal welds 
connecting this plate to the lower plate will take the horizontal 
shear in the plane between the plates, the shear being calculated 
from the above formula using the area of the outer plate as the 
value of A,. 


checked by the basic beam formula f = 


Plate Girder Stiffeners. 


Loads in the stiffeners are calculated in exactly the same manner 
as for riveted girders, and the welds connecting the stiffeners to 
the web must be sufficient to transmit the load in the stiffener. 
For welded work stiffeners usually consist of flats, and the welds 
may be intermittent if the stiffener load permits. As the stiffeners 
act as struts it is undesirable to have too large a gap between 
intermittent welds, 6” being a fairly usual maximum. The inner 
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TYPICAL ARRANGEMENT OF STIFFENERS. 


Fig. 34. 


corners of the stiffeners should be bevel cut to clear the welds 
between the flange and the web. Fig. 34 shews a typical arrange- 
ment of plate girder stiffeners. 

Generally it will be clear that so far as plate girders are concerned 
welded construction shews considerable economy in material 
compared with riveted work. In addition the construction is 
simpler, angle sections being completely eliminated, and providing 
adequate welding facilities are available the operations are com- 
paratively straightforward, the jigs being so constructed that the 
girders can be rotated to enable all welds to be laid in a downhand 
position. The economy is particularly marked where a large 
number of girders are required of similar or generally similar 
construction, as the cost of jigs is then spread over a greater weight 
of work. For small quantities of girders, where special jigs have 
to be made for only one or two girders, the cost of jigs may cancel 
other economies. Against this, it is not particularly difficult to 
design adjustable jigs to serve girders of slightly different sizes. 
In any case the jig designer should always bear in mind that jigs 
for one job may be required at a later date to serve a different size 
of girder. 
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Procedure for the Welding of Plate Girders. 


It should be regarded as a fixed rule in welding practice that 
as much welding as possible should be done in a downhand position. 
This is obviously the natural position which enables the operator 
to work in reasonable comfort and to produce good work. By 
comparison vertical and overhead welding are much more difficult 
and less likely to give a first-class job, and should never be attempted 
when downhand working can be arranged. On this basis the 
sequence of operations for welding a plate girder will be as follows : 


lst Operation.—Lay one flange on the welding table or stallage, 
and assemble and weld all the web stiffeners to this flange. 


\aa es Ye Lu. 


Wia Faamicarao Br WELDING. 


3 Jigs REQUIRED. 
lar BAGH GND OF GIRDER. 
| CemTaar. 


DETAIL. of JIG FER PLATE GIRDERS. 
Fig. 35. 
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2nd Operation.—Lower the web plate into position between 
the stiffeners, and weld the web to the flange. 

3rd Operation—Turn the girder over on to its side to bring 
the web into a horizontal position. Assemble the second flange 
and clamp it to the stiffeners. Weld the near side of the web to 
the second flange and to the stiffeners. 

4th Operation.—Turn the girder over with the other face of 
the web uppermost, and complete the welding. 

The above procedure may be adopted as a general guide for 
welded work of all kinds, and will obviate a number of difficulties 
met with in welding practice, giving the operator every opportunity 
to produce good work. 


Jigs for Welding Plate Girders, 

A simple but effective type of jig is shewn in Fig. 35, consisting 
of an angle ring resting on rollers, with two channel cross pieces 
for connecting to the girder flanges. Jigs of this type can be 
rotated to bring the girder into any desired position, while the 
arrangement of slots in the ring and the channels enables the jig 
to be used for girders of varying depth. With jigs constructed 
on this principle the cost per girder is very small. 


Stanchion Bases—Subject to Vertical Load only. 
The procedure is generally similar to that for beam connections 
of the rigid type, although when loads are small it is not necessary 
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STancHION BASE FOR SMALL VERTICAL LOAD 
Fig. 36. 
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to obtain absolute rigidity. Fig. 36 shews a typical base for a 
stanchion supporting a small load, with all the load assumed to 
be transferred through the flange welds. Welds are returned 
round the profile of the flange to give a good finish and to ensure 
that the full width of 6” is effective. 
; 15 z 
Load per inch of flange weld = 5 = 1-25 tons. 
ax 


is” fillets will take 1-44 tons per inch and will be used. Short 
tack welds are included (without calculation) to the web for 
positioning purposes. The base plate may be designed as in the 
next example. 


Fig. 37 shews a base supporting a heavier load. It will be 
assumed for safety that all the load is transmitted through the 
flange gussets, although a small proportion will almost certainly 
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be transferred through the stanchion web. _ For the welds connect- 
ing the shaft to the gussets try }” fillets at 1-15 tons per lineal inch. 
: . : : 40 
Effective length required in each fillet = ——— = 87". 
4x1-15 
To cover for end craters and to give a commercial size for the 
gussets use 10” deep flats. 


” 


For the welds connecting the gussets to the base plate try 4 
fillets at 1-15 tons per lineal inch. 


40 . 


Total effective length required = ime 34:8". 


36” total length is given and will be satisfactory. The gussets 
require sufficient area to resist the upthrust on the cantilevered 
portion of the base outside the shaft. Upthrust on 2 gussets on 


40 x6 


6" cantilever = is = 13-33 tons. 
Checking for shear. 
Area of 2 gussets = 2x10x} = 10 sq. ins. 
13-33 ; 
Shear stress = 16 = 1-33 tons per sq. In. 


This is satisfactory. 


Checking for bending. 


Moment of upthrust about edge of joist flange = 13:33 x3 
= 40 tons. ins. 


BD? 2x4 x 10? 
Section modulus of 2 gussets = 2 = 
6 6 
= 16-67 ins.3 
t x “ +2-4 tons 
i = = Vase a er . in. 
Bending stress z 16-67 per sq. in 


This stress should always be kept low as the upper half of the 
eusset is in compression, and plates have very little strength in 
compression. Strictly speaking, all stanchion base gussets should 
be stiffened along the edge to resist compression, but on small bases 
this is rarely done as the stress is usually small. The base plate 
thickness must be checked to resist upthrust on the projecting 
portion outside the gusset. The projection is taken as 3}”, and 
the load on this portion of the base is 


40 x 3} 
18 


7-2 tons 
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34 : 
Moment of upthrust = 7-2 x = = 11-7 tons ins. 
BD? 18 x #? s 
Section modulus of base plate = = = As 1-17 ins.? 
: NY 11-7 : 
Bending stress = z= ly + 10 tons per sq. in. 
‘17 


This is satisfactory, especially as the loading conditions used 
are somewhat severe. 


Upthrust 7:2 
Shear stress in base plate = ——— 
Area 18 x 8 


= 0-64 tons/sq. in. 
Stanchion Base Subject to Bending Moment. 


Fig. 38 shews a typical welded steel base. The stanchion shaft 
is built up of two 12” x 2” flange plates and one 18” x 3” web plate. 
\ section of this type is equivalent to a broad flange beam and is 
very economical for stanchions subject to bending moment as the 
bulk of the area is in the flanges where it is most needed. A riveted 
section of equal strength would be composed of a rolled steel joist 
with flange plates, so that the welded construction saves all work- 
manship in drilling and riveting the flanges, the comparative 
labour required being the laying of four runs of weld connecting 
the web to the flanges. It is not necessary to continue the 12” x 3" 
flange plates to the top of the stanchion ; they can be reduced 
either in width or in thickness at a convenient point to suit the 
reduced bending moment, the joint being made with a butt weld. 

The vertical axial load on the base is 25 tons and the bending 
moment due to wind is 800 tons-inches. The allowable pressure 
on the foundation is 30 tons per Square foot. 

Area of base plate = 3-51-67 = 5-83 sq. ft. 

Direct pressure on foundation due to vertical load 

25 


= = 43 t . ft. 
5.83 ons per sq. ft 


D? 1-67 x 3-5? 
Section modulus of base plate area = z 2 


6 6 
= 3-4 feet’. 
M_ _ _800__ 
Pressure due to bending moment = Zz ae eee 


= 19-6 tons per sq. ft. 
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’ Maximum pressure on base = 19-6 +4-3=23-9 tons per sq. ft. 
Tension on base 19-6 —4-3 =15-3 tons per sq. ft. 


These pressures are set down in Fig. 39. 
42 x 23-9 


Dimension y = ———— = 25-6" 
- 39-2 
Pressure per sq. ft. at face of stanchion flange 
23-9 x 14:35 a4 tt 
= —————— = 18-4 tons per sq. ft. 
56 S per sq 
Total upthrust on base outside stanchion face 
( 23-9 - 13-4 114 
= - 134 ——— | x =* x 1.67 = 29-14 tons 
( 2 ) 12 


Acting at a distance from the stanchion face of 
(13-4 x 58) + (5-25 x73) 
13-4 +5-25 


6-15" 


Moment of upthrust about stanchion face 

= 29:14x615 = 179-21 tons ins. 

This moment must be resisted by the gussets, and is shared 
between the outer and inner gussets in proportion to the width of 
base each gusset is assumed “to stiffen, that is, 7” for the outer 
gusset and 6" for the inner gusset (see Fig. 38). 


Proportion of moment taken by each outer gusset 


179-21 x7 ‘ 
= = 62-72 tons ins. 


20 
Proportion of moment taken by inner gusset 
179-21 x6 7 ‘ 
= = 53-96 tons ins. 
20 
The outer gussets are 16” x $” and the inner gussets 16” x 3”. 
BD? 1 x 162 
Section modulus of outer gusset = 6 = : 
= 21-33 ins.8 
; 3 x 16? . 
Section modulus of inner gusset = 6 = 16-0 ins. 
: 62-72 
Bending stress in outer gusset 21-33 


= + 2-94 tons/sq. in. 
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53-96 
16 


Bending stress in inner gusset <= 
= + 3-37 tons/sq. in. 
These stresses are satisfactory, but are quite high enough as 
the upper half of the gussets are in compression and are unstiffened. 
The gussets must also resist the upthrust in shear. 
Area of outer gusset = 16x} = 8 sq. ins. 


7/20 x 29-14 : 
Shear stress ge 1-28 tons per sq. in. 
Area of inner gusset = 16x3 = 6 sq. ins. 

6/20 x 29-14 ; 
Shear stress = a ee = 1-46 tons per sq. in. 


These stresses are satisfactory. 


The welds connecting the gussets to the stanchion shaft must 
also resist the bending moment and the vertical load. 


Force in welds due to bending moment 


moment 800 
anon nee OS e—“‘( =~ C-7 tons 
flange centres 18-75 
ax 
Force in welds due to vertical load = = = 12-5 tons 
Total force in welds = 42:7+12-5 = 55-2 tons. 
Proportion of force taken by outer gusset 
7 
= 552x — = 19. 
= 95:2x 20 19-3 tons. 
Proportion of force taken by inner gusset 
_ 6 
= 99:2 x ean 16-6 tons. 
Using }” fillets (as minimum) at 1-15 tons per lineal inch. 
‘ 19-3 
Length of weld required to outer gusset = tas 16-8”. 
. . 16:6 7 
Length of weld required to inner gusset = ae = 14-4". 


For the outer gussets the welds will be made the full depth of 
16” for the fillets outside the shaft and about 8” for the inside 
fillets, this being approximately as far as the welds can be laid 
efficiently for such a construction. Welds to the inner gussets 
need slightly less strength for this condition, but also have to 
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resist the uplift from the holding down bolts and will be checked 
along with the analysis for these bolts. 


The base plate must resist the upthrust in the projecting portion 


of the plate outside the gussets. The maximum upthrust (at the 
leeward edge of the base) is 23-9 tons per square foot, reducing to 
zero at 25-6" from this edge. As the bulk of the pressure is due 
to wind, it is usually considered safe to design the base plate to an 
assumed upthrust of 75% of the maximum. 


Assumed upthrust per sq. ft. for design = 75% of 23-9 
= say 18 tons. 


Upthrust per inch run on cantilever of 33” 
18 _ | 
= x 34 = 0-4375 tons. 
144 ° 


Moment of upthrust = 0-4375 x13 = 0-7656 tons ins. 
For a permissible stress of 10 tons per sq. in. 


; ; , 0-7656 ae 
Section modulus required in plate = ae 0-0766 ins.? 
: : 2 
Section modulus given per inch run = & 
t (thickness) = +/0-0766x6 = 0-68". 


Use }” plate. 
The holding down bolts must be designed to resist the uplift 


due to the overturning moment, on the assumption that rotation 


takes place about the leeward bolts. In this they are helped by 


the vertical load which gives a resisting moment. 


Let T = tension per bolt. 
D = bolt centres, parallel to wind direction. 
W =. axial load. 
Then (2TxD) + (Wx4D) = BM. 
(2 T x36) + (25x18) = 800 
T = 4-86 tons. 


The bolts are also subject to a lateral thrust of 5 tons, due to 


wind. 


Shear per bolt = 5/4 = 1-25 tons. 


Try 1}” diameter bolts. 


Area of shank = 1:227 sq. ins. 
Area at bottom of thread = 0-894 sq. in. 


4-86 
Tensile stress (ft) = 0-804. 5-44 tons per sq. in. 
: 1-25 5 
Shear stress (fs) = 207, 2 1-02 tons per sq. in. 


By the Theory of Principal Stresses. 
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Maximum shear stress V = J | » 72 


= +/2-72?+1-022? = 2-91 tons per sq. in. 


a 2 t = 
Maximum tensile stress F = - + V 


2-72 +2-91 


= 5-63 tons per sq. in. 
These stresses are satisfactory for wind loads. 

The bolts must have a length sufficient to give an adequate 
adhesion value in the concrete foundation. The adhesion value 
of steel in concrete is commonly taken at 100 lbs. per square inch. 


Circumference of bolt shank = 3-927 ins. 
Adhesion value per inch run = 3927x100 = 392-7 lbs. 
For uplift of 4-86 tons and ignoring effect of washer plate at 
bolt head. ° 
Minimum length of bolt buried in foundation 
_ 4:86 x 2240 — 
392-7 ~ 


By including washer plates this length can be Slightly reduced, 
to give a total bolt length of say 30” overall. 

The welds to the inner gusset can now 
on the bolts, the pull on the 
one bolt. 

Tension per bolt = 4-86 tons. 

Moment of this tension about stanchion face 

= 4868} = 40-1 tons ins, 
On the basis of 1” throat thickness, with 2 runs of weld, bending 
BM 40-1 x6 


t 605 SS he sq. in. 
stress Z 2 x 162 0-47 ton per sq. in 


be checked against uplift 
gusset being equal to the tension on 


Shear stress 


ll 


0-15 ton per sq. in. 


Resultant stress = 4/0-47240-152 = 0-49 ton per sq. in. 
s” fillets at 6$ tons per square inch have a value of 0:57 ton per 
inch and would be sufficient for strength, but with a 3” 


ned ad a e plate ay 
fillets will be used as a minimum, and on examination 


will also be 
found to be ample for the force of 16-6 tons per gusset previously 
found. 


b 
x 
_ 
ep) 


The outer gusset will be connected to the base plate with a 
fillet, and all that is required here by way of calculation is to 
ensure that the length of fillet is at least equal to that connecting 
the gusset to the stanchion shaft, although when the gusset has 


4 
4 
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an even bearing on the base plate this is not essential, as part of 
the load is transferred by bearing. 


Welds connecting the web of the stanchion shaft to the flange 
must take the shear, consisting of the wind load plus any crane 
surge effect. which may operate. The shear per lineal inch is the 
total lateral force divided by the depth of the web, 18”, and is 
usually small in stanchions of this type. To avoid corrosion these 
welds are usually made continuous and a #,” fillet will be ample. 


Stanchion Crane Cap subject to Bending Moment. 


lig. 40 shews the layout of a typical welded crane cap. It 
cannot be claimed that the construction is very satisfactory, and 
the roof leg would be much stiffer if it were carried down to the 
first batten on the crane legs, but as the construction shewn is 
commonly used where economy of material is a consideration, it 
will be analysed. 


It is necessary to check the strength of welds A, B and C, and 
also of the 17” x4” channels. 


Welds A.—-The roof leg is welded to the diaphragm plate on 
both sides, and also across the top and bottom. 


For simplicity a 1” throat thickness is used for calculation as 
in previous examples. 


— ; BD3 +x 1x 168 ee 
Ixy of side fillets = + — = — = 1866 ins.4 
, 12 12 
Ix. of top and bottom fillets (approx.) = tur 
= 4x6x1l xs? = 1536 ins.4 
Total Ix. = 186641586 = 2902 ins.? 
I 2902 862-75 ins.3 
2 — = = 362-75 ins. 
Z ; r 
; M 300 
7» (bending stress) = = = 0-83 ton per sq. in, 


Z 362-75 
= -f 


Total length of weld = + (16+6) = 88”. 


l4 
; (shear stress) = — = 0-16 ton per sq. in. 
aan 88 
Resultant stress =  /0-83?+0-16? = 0-85 ton per sq. in. 


iy” fillets at 63 tons per square inch will take 0-86 ton per square 
inch, but as the construction generally is not altogether satisfactory 
and is liable to a certain amount of vibration it seems desirable to 
increase these welds to }” fillets. 


DESIGN OF STRUCTURAL WELDED DETAILS 


00 TONS we 
aace ions 


a 
ALL WetoS 4 Fitters 


2" le FLars. ——— 


STANCHION CRANE CaP SUBJECT TO 
BENDING MOMENT. 


Fig. 40. 


DESIGN OF STRUCTURAL WELDED DETAILS @ 


co 


Welds B.—Load per run of weld due to bending moment 


300 
= —.. = 38 tons. 
12:3 x8 
Load per run of weld due to vertical load = 14/8 = 1-75 tons. 
Total load per run = $3+1-75 = 4-75 tons. 
; 4-75 
Load per inch run = ie” 0-3 ton. 


It is not desirable to use welds of less than }” fillet especially 
as there will be some difficulty in laving the inside runs, and this 
size will be adopted. 

Welds C.—These must take the bending moment of 300 tons- 
inches plus the roof load plus the crane reaction. The roof load 
will also induce a negative moment in these welds due to the fixed 
end condition, but this is small and providing the welds have a 
margin of strength can be neglected. The crane loads are rolling 
loads and the maximum reaction of 20 tons will not therefore be 
divided equally between the two flanges of the crane leg. It is 
difficult, if not impossible, to say with exactness what will be the 
maximum crane load entering each flange of the crane leg in turn, 
but a fairly usual and safe assumption is to allow for 75 per cent 
of the total reaction being taken by each flange in turn. 

On the above basis, assumed load per run of weld 


300 14 15 


“ase2 ° « Y's = 11-6 tons. 
: : 11-6 
Load per inch run of fillet ae ii 0-73 ton. 


}" fillets will be used again, and will give an ample margin of 
safety for the small fixed ended moment referred to above. 


17” x 4” Channels, 


These take the roof load of 14 tons plus the bending moment 
of 300 tons-inches. With four lines of weld at each reaction the 
channels may be assumed to be fixed-ended, and the positive 
moment may be calculated by the standard procedure for fixed 
ended beams. 

Referring to Fig. 41: 

B.M. for free-ended condition = 7 x9-75 = 68-25 tons ins. 

Area of free-ended B.M. diagram = 68-25 (9-75 + 12:5) 

= 1518-56 tons ins.? 
Area of negative moment diagram = 1518-56 tons ins.2 
1518-56 


Negative moment at ends = ee ee = 47-45 tons ins. 
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| 7" 
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B.M. DIASRAM FoR (724° CHANNELS IN FIG 40. 
Fig. 41, 


Positive moment at centre 68-25 — 47-45 =20-8 tons ins. 
Total positive moment = 300+20-8 = 320-8 tons ins. 


jp (bending stress) = = = ese 
= 2-62 tons per sq. in. 
hear st 0-43 t r sq. in 
fs (shear stress) ~  dxd7x048 )-43 ton per sq. in. 


These stresses are satisfactory, and it will be seen that the 
important point about such a construction as that shewn in Fig. 40 
is to provide adequate depth to give sufficient lengths of weld run 
and to ensure a reasonable degree of rigidity. 


Stanchion Splices. 


In multi-storey buildings splices are usually located immediately 
above a floor, and it is not therefore very difficult to weld the joint 
covers at site. Fig. 42 shows a typical welded splice for a column 
taking vertical load only. When the shaft ends are machined, 
specification requires that the covers shall be sufficient to hold the 
connected parts accurately in position, and the effective length of 
the splice from the plane of the joint is to be not less than the width 
of the spliced flange. It will be seen that Fig. 42 satisfies these 
requirements, and no calculations are required. It is necessary 
to run the weld all round the cover, to ensure a reasonably equal 
distribution in the cover of whatever load it may take. 


It may be noted that with a total length of weld of 59” on each 
side of the joint, the welds will take about two-thirds of the vertical 
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STANCHION SPLICE 
Fig. 42. 


load which will be ample to cover the effects of any inaccuracy in 
bearing at the joint. : 

The cover is made slightly narrower than the flange plates of 
the shaft, to allow the welds to be laid as simple fillets on a flat 
surface. 


Roof Truss Details. 


Loads in roof truss members are mostly small, and generally 
there is no difficulty in arranging welds of adequate strength 
without the necessity of introducing gusset plates. Attention 
must therefore be given chiefly to arranging the details of the joints 
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to facilitate welding procedure. In Fig. 43 the vertical leg of the 
rafter and of the main tie are in the same plane, with a V-butt 
weld at the shoe. The outstanding legs of all the web members 
turn the same way as those of the rafter and main tie, but while 
the tension members connect to the near face of the chords the struts 
have their outstanding legs notched away at the ends to enable 
them to be welded to the far face of the chords. By this procedure 
it is fairly easy to arrange the weld runs and to fix up the sequence 
of operations. 

For large trusses the disposition and length of welds is arranged 
in accordance with the procedure given for Figs. 17 or 18, whichever 
is applicable, but for smaller trusses the length of weld provided 
is usually in excess of theoretical requirements and the only con- 
sideration is arranging a convenient detail. 

The centre portion of the main tie and the centre suspender 
angle are despatched loose and site bolted to eliminate all site 
welding. The detail at the apex is arranged for the same purpose 
and is quite satisfactory. The construction thus provides a 
typical example of the combination of shop welding and site bolting. 

Elimination of gussets effects a substantial saving in material, 
while the absence of rivet holes in the tension members also enables 
smaller members to be used than would be the case with riveted 
work. The struts may also be designed as fixed-ended, which 
may give further economy. With all these savings it may be 
assumed that a welded truss without gussets will weigh about 
15°, less than the corresponding riveted truss. 

The principal difficulty with welded trusses, and with all braced 
frames generally, is in clamping the members together in correct 
relative position, and this to some extent offsets economies in 
weight. Allowing for this difficulty, welded trusses will still tend 
to work out cheaper than riveted trusses, providing adequate 
facilitics are available for carrying out the various operations 
efficiently. 

It will be noticed in Fig. 48 that all web members have welds 
on each face of the truss. This is important, as the sequence of 
operations is based on this principle, the procedure being as follows : 

Is¢ Operation.—For each half truss, clamp all members firmly 
in correct relative position, the truss lying flat on the assembly: 
stallage. 

2nd Operation.—Lay all welds on the upper face of the half 
truss, thus tacking all members in position. 

3rd Operation.—Turn the half truss completely over, and 
complete by laying all welds on the other side. 

Thus it will be seen that downhand welding is employed through- 
out, so that once the members are securely clamped in position 
no difficulty should be experienced. 
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With larger trusses where it may not be possible to get in 
sufficient weld metal to transfer the load in the web members 
without gussets, a convenient method is to butt-weld gussets to 
the vertical legs of the rafter and main tie at the joints in question, 
the gussets being the same thickness as the member to which they 
are welded, the effect being to widen the member at the joint. 


Lattice Girder Details. 


Fig. 44 shows a typical layout for a 50’ 0" span lattice girder. 
The chords have been opened out partly to give lateral rigidity to 
the girder and also to allow the diagonals to be welded to the inside 
faces. The verticals have been located outside the chords to 
facilitate welding arrangements. If considered desirable to keep 
all members as nearly as possible in the same plane, the legs of the 
diagonals can be turned outwards and notched at the ends to enable 
these bars still to be welded to the inside faces of the chords, but 
as the diagonals are tension members this is not a vital point on 
small span girders, where both the sections and welds are usually 
of ample strength. 

Weld lengths may be fixed up as explained for Figs. 17 or 18, 
and the weld arrangement at each joint follows the same general 
principle as for the roof truss. Each member has a near side and 
far side weld at both ends. Each half girder will be laid out, the 
members clamped together, and all the near side welds laid. Then 
the half-girder will be turned completely over and the welds laid 
to the other side. Finally the two half-girders are brought 
together and the batten plates welded on, all operations being by 


downhand welding. 


Staircase Details. 

Fig. 45 shews a typical layout of a welded staircase stringer 
and should be self-explanatory. It will be seen that compared 
with a riveted construction details are much simpler. The stair 
treads are supported by flats acting as lugs and the channel cutting 
at the top gives a more straightforward and “natural” construction 
than is possible for a riveted joint, which in this particular case is 


often complicated and costly. 


Standardising of Welding Technique. 


It is not possible to lay down hard and fast rules governing 
procedure and assessing electrode requirements, as most firms 
have their own individual standards, all of which will vary slightly 
according to circumstances and possibly due to personal preference. 

‘A considerable variety of electrodes are in use, and in welded 
work more even than in riveted work plant layout has a consider- 
able effect on performance, while of equal importance is the need 
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for making provision for the operator to work continuously in 
reasonable comfort without undue fatigue. All these points 
should be borne in mind in fixing up procedure and assessing 
electrode quantities. A certain amount of general guidance can 
be given and the following notes give an approximate basis for 
procedure and calculation, always bearing in mind that they need 
checking to suit individual circumstances. ; 

It can be stated that it is economical to deposit any given size 
of weld with the largest electrode the work will stand. For down- 
hand welding when no special difficulty is likely, electrodes should 
be 10 or 12 gauge for plates under 33," thick, 8 gauge for plates 3,” 
to ~” thick, 6 gauge for -3;" to ,',”, and + gauge for 4” or over. 
Heavier electrodes 3," or 3” diameter are sometimes used for 
thicker plates. 

For vertical, inclined, and overhead welding, these sizes are 
likely to vary slightly, and reference should be made to the shops 
before specifying rod gauges in these cases. 

Electrodes are normally supplied in standard lengths of 18”, 
and the approximate lengths of run which should be obtainable 
from standard electrodes for fillet welds and for single V-butt 
welds are given in Tables 3 and 4. These values are for normal 
straightforward work and can only be approximately correct as 
they will vary according to the fit-up of the work and according 
to the skill of the welder. Allowance has been made in the tables 
for average wastage, although the actual amount of waste is some- 
what indeterminate. With heavy electrodes it will be less than 
with light electrodes. It will also be less for long runs than for 
short runs. Inevitably it will also vary with individual operators. 
For 10-gauge electrodes it will average 15% to 20% with a further 
5°% for short runs. For 4-gauge electrodes it will be about 10% 
to 15% with 5% extra for short runs. In actual practice it is 
rare that the estimated total electrode requirements agrees with 
the number of electrodes used, though with so many conditioning 
factors this does not necessarily imply “faulty” estimating. 

Values given in Tables 3 and 4 are based upon actual practice 
of average structural work, with welders of average skill working 
under reasonably satisfactory conditions. : 


Weld runs are normally specified as 10/12, 8/10, 6/9, etc., the . 


first number indicating the gauge of the electrode and the second 
number the length of run in inches which may be obtained from 


a standard 18” electrode. 


Notation and Symbols for Welds, 


Until recently most companies have built up their own system 
of notation and symbols, based upon experience, and providing 
these are generally understood by drawing office and works there 


~1 
Ww 
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TABLE 3. 


Approximate Lengths of Run obtainable from Standard 18” Electrodes for 
Fillet Welds. 


Fillet Throat Area | Gauge of Length 
Size Thickness Sq. ins. | Electrode of Run 
y 0-088” 0-012 12 10” 
1 0-088” 0-012 10 14” 

ae 0-133” 0-023 10 8” 
i” 0-133” 0-023 S 13” 
}V’ 0-176” 0-039 8 8” 
}’ 0-176” 0-039 6 12" 
fa” 0-221” 0-058 6 8" | 
oe 0-221” 0-058 | 4 12” 
2” 0-265” 0-081 | 4 8” 
| 
TABLE 4. 


Approximate Lengths of Run obtainable from Standard 18” Electrodes for 
Single V-Butt Welds. 


' i} 7 = 7 
Plate Area Gauge of Length Angle | 


Thickness Sq. ins. Electrode of Run of Weld | 
¥ 0-019 12 14” 70° 
+” 0-019 10 18” | 70° 
hy” 0-037 12 9” 70° 
whe 0-037 8 14” 70° 
}” 0-060 8 7” 70° | 
} 0-060 6 10” 70° | 
fy” 0-088 6 7 70° | 
As” 0-088 4 go | 70° | 


Sealing Run.—One 10/12” in each case in addition. 
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is nothing against this for strictly internal purposes. When 
drawings are made for outside distribution there is inevitably a 
certain amount of confusion caused by the different systems in 
use, and it is highly desirable that notations and symbols should 
be standardised. This has been done in B.S. 499, Section 7, 1952, 
“Scheme of Symbols for Welding,” and it is strongly recommended 
that this standard should be generally adopted. _It is not possible 
to reproduce here the complete recommendation of this standard 
and reference should be made to the specification for detailed 
procedure. Particular attention is drawn however to the following 
points :— 


REFERENCE LINE 


ARROW ) | OTHER 
/ SIDE SIDE. 


WELD ¥ 
REFERENCE LINE 


WELD SYMBOLS. 


Fig. 46. 


1. The foreword states that “‘the scheme departs from previous 
practice in two fundamental respects. The terms ‘‘near side” 
and ‘‘far side’? have been discontinued in favour of the terms 
“arrow side” and “‘other side.” This not only provides uniformity 
with the American scheme, but overcomes the difficulty encountered 
in some views of welds where the former terms were inapplicable. 
It has also been decided that the disposition of the weld symbol 
relative to the reference line should be based on the American 
system. This latter decision means that the symbol is placed 
below the reference line for welds on the “‘arrow side’ and above 
the reference line for welds on the “‘other side.” Two examples 
of the proposed procedure are given in Fig. 46, which serve to 
indicate the general principle, and a complete range of symbols 
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for all types of welds are given in the specification, to which 
reference should be made. 


2. Clause 3 requires that the type of weld shall be indicated 
by the appropriate symbol. The vertical portions of the symbol 
for fillet, single-bevel butt, double-bevel butt, single-J butt, and 
double-J butt welds shall be on the left-hand side of the symbol, 


irrespective of the orientation of the weld metal. This is shewn 
in Fig. 46. 


3. Clause 4 requires that in order to provide a complete 
indication of the position of a weld in a particular joint, relative 
to the parts being joined, the head of an arrow shall be used to 
indicate the reference line of the joint. The side nearer the 


arrow head shall be known as the ‘‘arrow side’? and the remote 
side the ‘‘other side.’ 


4. Clause 5 draws attention to the fact that the reference 
line, which is connected to the arrow at an angle, is an arbitrary 
datum line for determining the position of the weld symbol in order 
that the latter may indicate the location of the weld. This in- 
dication shall be provided as follows :— 


(a2) For welds to be made By inverting the symbol 
from the arrow side of } and suspending it from the 
a joint. reference line. 

(0) For welds to be made 
from the other side of 
a joint. 


By basing the symbol upon 
the reference line. 


(c) For welds to be made 
on both sides of a 
joint. 


By disposing the symbol 
ace the reference line. 


5. Clause 6 states that in the case of joints in which only one 
plate is prepared, the arrow shall point towards that plate, the 
direction of the edge preparation being indicated by the disposition 
of the symbol relative to the reference line. 


6. Instructions are given in the specification regarding the 
method of indicating weld sizes and weld lengths, both for con- 
tinuous and intermittent welds, and also for distinguishing between 
shop and site welds. 


Multiple Run Welds. 


For weld sizes larger than }” it is better practice and generally 
more economical to lay them in two or more runs. This is some- 
times disputed so far as fillet welds are concerned, but there can 
be little doubt that this is so with butt welds. Generally speaking, 
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two-run welds are undesirable as they necessitate weaving the 
second run to obtain the required profile, and weaving is always 
suspect from the point of view of strength. If more than a single 
run is necessary it is better to have three runs rather than two. 
The general build-up of multiple run welds is shown in Fig. 47. 
It will be seen that the profile of each run is so rounded as to prevent 
slag from the electrode coating percolating into the weld. This 
point is most important, requiring strict attention, and each run 
should be inspected and passed before the next run is deposited. 
If a neat final profile is required, a weaving run can be added, but 
this will give very little added strength to the weld and no account 
should be taken of it in calculations. 
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Little Green, Richmond, Surrey. 


A similar list is also published in The Draughtsman twice a year. 


Readers are asked to consult this list before ordering pamphlets 
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List of A.E.S.D. Data Sheets. 


Safe Load on Machine-Cut Spur Gears. 

Deflection of Shafts and Beams. Cc a 

Deflection of Shafts and Beams (Instruction Sheet). onnecte 

Steam Radiation Heating Chart. 

Horse-Power of Leather Belts, etc. 

Automobile Brakes (Axle Brakes). c “na 

Automobile Brakes (Transmission Brakes). } Onesree 

Capacities of Bucket Elevators. 

Valley Angle Chart for Hoppers and Chutes. 

Shafts up to 54-in. diameter, subjected to Twisting and Combined 
Bending and Twisting. 

Shafts, 53 to 26 inch diameter, subjected to Twisting and Combined 
Bending and Twisting. 

Ship Derrick Booms. 

Spiral Springs (Diameter of Round or Square Wire). 

Spiral Springs (Compression). 

Automobile Clutches (Cone Clutches). 
- » (Plate Clutches). 

Coil Friction for Belts, etc. 

Internal Expanding Brakes. Self-Balancing Brake 
Shoes (Force Diagram). 4 

Internal Expanding Brakes. Angular Proportions Wonteete 
for Self-Balancing. 

Referred Mean Pressure Cut-Off, etc. 

Particulars for Balata Belt Drives. 

$” Square Duralumin Tubes as Struts, 


PY Sq. Steel Tubes as Struts (30 ton yield). 


Z a os (30 ton yield). 
ss ‘ » (30 ton yield). 
gO , r re (40 ton yield). 
CO, 5 » (40 ton yield). 
i a a 55 (40 ton yield), 
Moments of Inertia of Built-up Sections (Tables). 
Moments of Inertia of Built-up Sections (Instructions Connected. 


and Examples). 
Reinforced Concrete Slabs (Line Chart). ted 
Reinforced Concrete Slabs (Instructions and Examples) COMBESIRG, 
Capacity and Speed Chart for Troughed Band Conveyors. 
Screw Propeller Design (Sheet 1, Diameter Chart). 
oi 5 ‘5 (Sheet 2, Pitch Chart). Connected. 
’ 5 - (Sheet 3, Notes and Examples) 
Open Coil Conical Springs. 
Close Coil Conical Springs. 
Trajectory Described by Belt Conveyors (Revised 1949), 
Metric Equivalents. 
Useful Conversion Factors. 
Torsion of Non-Circular Shafts. 
Railway Vehicles on Curves. 
Coned Plate Development. 
Solution of Triangles (Sheet 1, Right Angles). 
Solution of Triangles (Sheet 2, Oblique Angles). 
Relation between Length, Linear Movement and Angular Movement 
of Lever (Diagram and Notes). 
” n ag i, - a (Chart). 
Helix Angle and Efficiency of Screws and Worms. 
Approximate Radius of Gyration of Various Sections. 
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Helical Spring Graphs (Round Wire). 1 
(Round Wire). > Connected. 
» i (Square Wire). J 
Relative Value of Welds to Rivets. 
Graphs for Strength of Rectangular Flat Plates of Uniform Thickness. 
Graphs for Deflection of Rectangular Flat Plates of Uniform Thickness. 
Moment of Resistance of Reinforced Concrete Beams. 
Deflection of Leaf Spring. 
Strength of Leaf Spring. 
Cart Showing Relationship of Various Hardness Tests. 
Shaft Horse Power and Proportions of Worm Gear. 
Ring with Uniform Internal Load (Tangential Strain) 
Ring with Uniform Internal Load (Tangential Stress) 
Hub Pressed on to Steel Shaft. (Maximum Tangential Stress at Bore 
of Hub). 
Hub Pressed on to Steel Shaft. (Radial Gripping Pressure between 
Hub and Shaft). 


” ” ” 


Connected. 


Rotating Disc (Steel) Tangential a Gonnented. 
Ring with Uniform External Load, Tangential Strain. 
|, Stress. Connected. 


to Absolute Viscosities. 
Journal Friction on Bearings. 
Ring Oil Bearings. 
Shearing and Bearing Values for High Tensile Structural 
Steel Shop Rivets, in accordance with B.S.S. No. 
548/1934. - 
Velocity of Flow in Pipes for a Given Delivery. 
Delivery of Water in Pipes for a Given Head. } Connected, 
(See No. 105). 
Involute Toothed Gearing Chart. 
Variation of Suction Lift and Temperature for Centrifugal Pumps. 
Curve Relating Natural Frequency and Deflection. 
Vibration Transmissibility Curved or Elastic Suspension. | Connected 
Instructions and Examples in the Use of Data Sheets, f , 
Nos. 89 and 90. 
Pressure on Sides of Bunker. 


Viscosity Temperature Chart for Converting Commercial 
} Connected. 


93-4-5-6-7. Rolled Steel Sections. 
98-99-100. Boiler Safety Valves. 


102. 
103. 
104, 
105. 


Pressure Required for Blanking and Piercing. 

Punch and Die Clearances for Blanking and Piercing. 
Nomograph for Valley Angles of Hoppers ang Chutes. 
Permissible Working Stresses in Mild Steel Struts to B.S. 449, 1948. 


(Data Sheets are 3d to Members, 6d to others, post free). 


Orders for Pamphlets and Data Sheets to be sent to the Editor, 
The Draughtsman, cheques and orders being crossed ‘‘A.E.S.D.”" 


